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By Jim A. Penland, David E. Fetterrnan, Jr., 
and Herbert W. Ridyard 

An investigation has been carried out i n  the langley  11-inch  hyper- 
sonic  tunnel  to determine the  static lo rg i tud iml  and l a t e r a l   s t a b i l i t y  
and control  cherzcteristics of en airplane  configuration  having a trape- 
zoidal wing with a mociified hexagonal a i r fo i l   sec t ion  and equipped  with 
various t a i l  a i r fo i l   sec t ions  and ta i l  arrangements. T a i l  a i r f o i l  see- 
t ions  tes ted were a loo wedge, e flat-plate  section, and a series of 
composite a i r foi ls   consis t ing of flat, plates  forward of the  hinge  l ines 
and wedges behind the  hinge  lines. The tests were made at a Mach  number 
of 6.86 and a Reynolds number of 343,000 based on the wing man  se row-  
namic chord. Deta were obtained fo r  angles of s idesl ip  up t o  loo and 
angles of a t tack up t o  25O for  the  conplete model with t h e  cruciform 
loo wedge horizontal and ve r t i ca l  ta i ls  end f o r  the complete model with 
various t a i l  errangement s . 

INI’RODUCTION 

Previous  experaental  investigations at the  Langley Uboratory of 
the  supersonic  airplane  configuration shown i n  figure l h a v e  been made 
by  using wedge a i r fo i l   sec t ions  f o r  the horizontal and ve r t i ca l  tails. 
These investigations have supplied  the  longitudinal and l a t e r a l   s t a b i l i t y  

of i t s  components at Mach.numbers  of 4.06 and 6.86 (refs. 1 t o  6) .  
4 and control  characterist ics  for a corrplete mdel and various combinations 
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The purpose of the  present  investigation was t o  determine the 
e f fec t  of t a i l   a i r f o i l   s e c t i o n s  on the   s t ab i l i t y  and control  character- 
i s t i c s  of the  a i rcraf t   configurat ion  tes ted  in   references 1 t o  6 .  A 
ser ies  of t a i l  a i r fo i l   s ec t ions  were tes ted which simulated  an a i r f o i l  
whose section  could be changed from a f l a t   p l a t e   t o  a section  consisting 
of a f la t  p la te  forward of the  hinge  line and a wedge behind the hinge 
line. Such a i r f o i l s  would provide a t a i l  configuration  in which the air- 
foil sections  could be changed during a flight of changing Mach  number 
t o  provide  the  variable  effectiveness  necessary. T a i l  arrangements, 
other  than  the  original  cruciform  horizontal- and ve r t i ca l - t a i l  configu- 
r a t ion  and those  reported  in  references 5 and 6 were tested t o  provide 
additlonal comparisons of some of the  many possible  arrangements. I ,  

The design of the  basic  configuration  (fig. 1) incorporated rela- 
t i v e l y  large leading-edge radii on both  the wing  and t a i l  surfaces   in  
order t o  provide  adeqmte  heat  capacity at the  leading edge t o  keep the 
heat-transf er ra tes ,  at hypersonic  speeds,  within  feasible limits. From 
recent  information on the beneficial   effects  of  leading-edge sweep  and 
the  use of materials capable of withstanding  higher  temperatures, it 
appears that smaller r a d i i  could have been  used with  resulting improve- 
ment i n   t h e  aerociynamic character is t ics .  However, i n   o rde r   t o  provide 
a consistect   basis of comparison, the  large leading-edge r a d i i  were also  
used for   the  present  tests. 

Six-component deta have been  obtained for  the complete model with 
the various t a i l  arrangements and t a i l  a i r fo i l   sec t ions .  Tne present 
paper  contains  the  static  longitudinal and lateral s t a b i l i t y  and control 
results  for  various  horizontal-tail   deflections.  

CoEFFIcImS AND SYMBOLS 

The r e su l t s  of the tests are presented as coefficients of forces 
and mm-ents. The longitudinal data a re   re fe r red   to   the   s tab i l i ty -ax is  
system and t h e   l a t e r a l  data: are  referred t o  tne body-axis  system. The 
body- and stabi l i ty-axis  systems are i l l u s t r c t ed   i n   f i gu re  2 and the 
axis-transfer  equations  are  given  in  the  appendix. As indicated  in  the 
appendix, lateral-force and pitching-mment  coefficients  are unchanged 
i n   t h i s   t r a n s f e r  of axes. The  moment reference is  at 54 percent of the  
wing  mean aerodynamic  chord (52.66 percent of the  body length measured 
from the  nose). The coefficients and symbols are  defined as follows: 

CL lift coefficient , -Zs/qS 

CD drag  coefficient , -Xs/qS (at p = Oo.) L 

cDO minimum drag  coefficient 
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lift -drag rat io, C L / C ~  

noml-force  coefficient,  +/qS 

lateral-force  coefficient, Y/QS 

rolling-moment coefficient , k/qSb 
pitching-moaent coefficient, M' /qSE 

yawing-moment coefficient, N~/QSII 

force  along X-axis 

force  along Y-axis 

force  along Z-axis 

moment about  X-axis 

moment ebout Y-axis 

monent sbout  Z-axis 

free-stream dynamic pressure 

t o t a l  wing area including area submerged i n  fuselage 

wing span 

wing chord 

wing mean aerodynamic chord 

mch number 

Reynolds number 

angle of ettsck, deg 

angle of sideslip, deg 

incidence  angle of horizontal tai l ,  deg - 
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r a t e  of change of pitching-moment coefficient  with  angle of 
attack, ( K) acm I per deg - 

a=O 

rate of change of lateral-force  coefficient w i t h  angle of 

s ides l ip  at zero  sideslip  angle, 

C 
28 

r a t e  of change of  rolling-moment coefficient  with angle of 

s ides l ip  at zero  sideslip  angle, 

C 
nP rate of change of  yawing-moment coefficient with angle of 

s ides l ip  at zero  sideslip  angle, 
p=0 

Subscripts : 

B body-axis  system 

S stabi l i ty-axis  system 

MODELS AND APPARATUS 

Models 

The basic model used for the present tests is shown i n  figure 1. 
Details of th fs  model are given i n  the  three-view  drawing (fig. 3) and 
i n  the tab le  of geometric  characteristics (table I). The model was 
equipped w L t h  removable t a i l  surfaces which enabled t h e  testing of t a F l  
surfaces with the  following  airfoil  sections: loo wedge (the resu l t s  of 
which were previously  presented  in refs. 1, 2, and 5), flat  plate ,  and 
composite sections =de up of f lat  plates  extending from the  leading 
edge t o  the hinge l ine ,  with loo, 20°, and 30' total-angle wedges 
extending from the  hinge l i n e   t o  the t r a i l i n g  edge (ref. 7). A l l  t a i l  
a i r fo i l   sec t ions  had epproximtely  ident ical  leading-edge rad i i   ( f ig .  4). 

The previous tests of references 2 and 5 have shown the  bottom 
v e r t i c a l   t a i l   t o  be most e f f ec t ive   i n  producing hteral  stabil i ty at 
high angles of attack; however, from take-off and landing  considerations, 
a t a i l  surface  in  t h i s  location is undesirable.  Therefore,  in  order t o  E 

r e t a in  some of the d i rec t iona l   s tab i l i ty  of the lower ver t i ca l  t a i l  and 
t o  eliminate, t o  a large  extent, i t s  take-off and landing  disadvantages, 
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.. 
a stub of the lower vertical-tail  configuration was tes ted  ( f igs .  4 
and 5 ) .  The adciition of a lower s tub   ta i l ,  having an exposed area of 

t iona l   top   ver t ica l  and hor izonta l   t a i l s  was believed  sufficient t o  give 
positive  values of the l a t e ra l - s t eb i l i t y  parameter Cng, throughout the 
angle-of-attack  range  tested.  Sketches of the  stub t a i l  and the  various 
t a i l   a i r f o i l   s e c t i o n s  tested are shown i n  figure 4. 

- one-quarter of the exposed,  bottom ver t ica l - ta i l   a rea ,   to  the conven- 

In  addition, the model with loo wedge t a i l   a i r f o i l   s e c t i o n s  was 
t es ted  with the  t a i l  surfaces  rotated 45O from the   o r ig ina l   ver t ica l  end 
horizontal  positions.  Designations  for  the  various ta i l  configurations 
tes ted  are  shown in  f igure 5. 

The complete model (equipped with the loo wedge t a i l  a i r f o i l  sec- 
t ions)  mounted for   t es t ing   in   the   tunnel  is shown i n  figure 6 .  A dis- 
cussion of some of the design features of the nodel is  included in 
reference 1. 

Balance and  Model Support 

- Six-component force and moment measurements were made by means of 
t w o  strain-gage  balances.  Five components, including normal force, 
lateral force,  pitching moment, ro l l ing  moment, and yawing moment, were 
measured on a balance mounted inside  the model. The sixth component, 
chord force, was obtained on a two-component external  balance measuring 
normal force and chord force.  In  addition, a one-component external 
balance was used t o  measure pitching moment in some of the   p i tch   t es t s .  

The Tive-component belance was i n i t i a l l y  designed t o  measure only 
four components; therefore,  in  order t o  adapt the balance f o r  use i n   t he  
present program, s t r a in  gages were added t o  the balance  sting and ca l i -  
brated t o  measure ro l l ing  moment. This method of obtaining a rolling- 
moment  component resu l ted   in   l ess   sens i t iv i ty  than desired. 

The model was attsched t o  the balance so that constant geometry 
between model  and balance was mafntained for all test angles. The model 
was placed a t  an angle of sidesl ip  by means of a bent sting; angles of 
at tack were obtained by rotating  the model and balance  about a horizontal 
axis  normal t o  t'ne  wind stream. This type of model rotation  necessitated 
a correction to the  static  angles of a t tack and s idesl ip  and these  cor- 
rections combined with t'ne  model deflections due t o  aerodynamic loads 
were incorporated i n  computing the corrected test angles. Model deflec- 
t ions  were obtained  through  the  use of angles measured from schlieren 
photographs and the  balance-deflection  calibration. 
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Wind Tunnel 

The tests were conducted i n   t h e  Langley 11-inch  hypersonic  tunnel. 
For this  investigation,  the  tunnel was equipped with a single-step two- 
dimensional  nozzle  constructed of Invar. The nozzle was designed by t h e  
method of characterist ics  with a correction made f o r  boundary layer and 
operates at an  average Mach number of 6.86. The duration of each  run 
was about 80 seconds, and the variation of test-section Mach  number with 
time is  negl lgible   af ter  t h e  first 15 seconds of running  time. This con- 
s tant  Mach  number flow made it possible   to   obtain  forces   for   several  
angles of a t tack during each  run. Tne model was held a t  low angles of 
a t tack   for   s ta r t ing  and stopping  the runs i n  order t o  minimize  shock 
loads on the  strain-gage  balance which supports the model. 

Tests 

Tests were made at an  average  stagnation  temperature of 675' F t o  
avoid air liquefaction (ref. 8), a stagnation  pressure of 20 atmospheres 
absolute, and a test Mach number of 6.86. These conditions  correspond 
t o  a Reynolds number of 343,000 based on wing mean aerodynamic  chord. 
The absolute  humidity was kept t o   l e s s   t han  1.87 x 10-5 pounds of water 
per pound of dry a i r   f o r  a l l  tests. Tests were made at   angles of side- 
s l i p  from -5O t o  loo through an angle-of-attack  range of -5O t o  2 5 O .  
The model was t es ted  w i t h  horizontal-tail  incidences of 00, about -loo, 
and -20°. 

PRECISION OF DATA 

The probable  uncertainties i n  the force and moment coeff ic ients   for  
individual tests points - due t o   t h e  balance system and var ia t ions   in  
the  dynamic pressure - have been evalueted end are  presented as  follows: 

CL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . *  0.03 
CD O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *0*006 
CN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . *  0.02 
c, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *o.oog 
cy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40.005 
c, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  k0.0015 
C 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *0.003 
I n  general,  the  faired  curves  should be more accurate  than  these  values. 

The angle of a t tack  a and angle of sideslip p were accurate 
within f0. loo. 
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The experimental aerodynamic character is t ics  of the  mqdel wlth 
various t a i l   a i r f o i l   s e c t i o n s  and ta i l -surface  locet ions are given i n  
tables I1 t o  IV. Plots  representing  portions of the data  included  in 
these tables are presented  in figures 7 t o  19. 

The var ia t ions of CL, @, and L/D with angle of   a t tack   for  the 
model a t  p = 0' with the  different  te i l  a i r fo i l   s ec t ions  a t  iH = 0' 
are shown i n  figure 7. Figure 8 presents similar data fo r  t he  m o d e l  wlth 
the  x-tail configuration  having a loo wedge t a i l  section.  In figure 9, 
the  Variations of C, with a fo r   t he  complete model et B = Oo with 
the various te i l  a i r fo i l   s ec t ions  at iH = Oo, i~ -loo, and IH = -20' 
are presented.  In  order  to show the   e f fec t  of the King on the pitching- 
moment charac te r i s t ics  of the m o d e l ,  data f o r  the body-tail  configuration 
are also  included  in figure 9. 

e The ef fec ts  of t a i l  a i r f o i l   s e c t i o n  on the var ie t ions of the Zongi- 
tudinel   character is t ic6 CL, CD, L,h, and with angle of a t tack   for  
the model at p = Oo ere presented  in figures 10 t o  13. Some of these 
data are taken from figures 7 and 9 and are repeated here f o r  colqparison 
purposes. The e r r a t i c   cha rac t e r i s t i c s   i n  the pitching-moment aar ie t ions 
of the model i n  the angle-of-attack range Oo t o  loo with iE = -10' (see 
fig. 9 or   f i g .   l 3 (c ) )  are due p a r t l y   t o   t h e  effect of the wfng wake on 
the horizontal  t a i l  which, a s  can be seen i n  the three-view  drawing 
(f ig .  3 ) ,  i s  d i r e c t l y   i n   l i n e  with the wing. 

- 

The ef fec ts  of tai l  a i r f o i l   s e c t i o n  on the variations of the lateral 
character is t ics  Cy, C z ,  and Cn with s ides l ip  engle of the model at 
a = 0' are shown i n  figure 14. 

Figure 15 presents t h e  var ia t ions of the minimum drag  coefficient 
and the static s tab i l i ty   der iva t ives  Cm,. Cys, CzB,  and Cn With 

angle of t a i l  flzre f o r  the  complete model. Values  of these parameters 
obtained with the 10' wedge ta i l  a i r fo i l   s ec t ion  are also  included  for 
comparison purposes. 

B 

The resu l t s  of changing the ta i l -surface geometry ( s tub- ta i l  con- 
figurehion) and location  (x-tail  configuration)  both  having 10' wedge 
a i r fo i l   s ec t ions  are given  in  figures 16 t o  19. The var ia t ions of Cy, 
C 2 ,  and C, with sideslip  angle  for  the  stub-tail   configuration at 
various  engles of a t tack  are shown i n  figure 16. The pitching-moment 
charac te r i s t ics  a t  /3 = 0' of the  complete model, x-tail configuration, 
and stub-tail   configuration are presented  in figure 17, and t h e   l a t e r a l  
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s t ab i l i t y   cha rac t e r i s t i c s  at a = Oo f o r  these configurations  ere  pre- 
sented  in  f igure 18. 

The variations of the la te ra l - s tab i l i ty   der iva t ives  Cyp, Ctp ,  

and Cn with  angle of a t tack   for   the   s tub- ta i l  and other t a i l  c o n f i y -  

rations  previously  reported are given in   f igure  19. Data f o r  a l l  t a i l  
configurations shown, except the s tub   t a i l ,  were obtained from refer- 
ences 2 and 5.  From the variations of Cn with  angle of attack, it is  

apparent that at the higher angles  of  attack, the stub ta i l ,  having  only 
25 percent of the  or iginal  exposed lower t a i l  area, gave  about 33 percent 
of the effectiveness  obtained  previously from t h e   o r i g h a l  lower, ver t i -  
ca l   f i n .  The effectiveness of the  stub t a i l  does  not  vary  directly  with 
i ts  area because it is operating i n  a region of hi&  dynmic  pressure . 
brought  about  by the  campression wave emanating  from the nose of the 
fuselage,   particularly at high  angles of ettack. 

P 

B 

Typical  schlieren  photographs of t he  complete m o d e l  equipped  with 
the t a i l  a i r fo i l   s ec t ions  tested are shown i n   f i g u r e  20; and figure 21 
contains  schlieren  photographs of the model with  various t a i l  arrange- 
ments using a 100 wedge t a i l  a i r fo i l   sec t ion .  

Langley Aeronautical  Laboratory, 
National Advisory Committee f o r  Aeronautics, 

Langley Field, Va., June 9, 1B5. 



AXIS-TMSFER EQUATIONS 

The eqmtions f o r  transfer of force and moment coeff ic ients  from 
the body-axis  system to the stability-axis system are as follows: 

Czs = CzB cos a, + C s i n  a, nB 

Cns = CnB cos a - cz, sin a 

c = CNB LS cos a - C% s i n  a 

C D ~  = (2% COS a + CN sin a B 

c 

9 
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TABLE: I.- GECMEZRIC  CHARACTERISTICS OF MODEL 

W i n g  : 
Area (including  area submerged i n  fuselage). sq i n  . . .  
Span. i n  . . . . . . . . . . . . . . . . . . . . . . . .  
Mean aerodynamic chord. i n  . . . . . . . . . . . . . . .  
Root chord at plEne of symmetry. i n  . . . . . . . . . . .  
Tip chord. i n  . . . . . . . . . . . . . . . . . . . . .  
Airfoil  section . . . . . . . . .  Hexagonal with round 
Taper r a t io  . . . . . . . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . .  
Sweep of leading edge. deg . . . . . . . . . . . . . . .  
Sweep of quarter-chord  line. deg . . . . . . . . . . . .  
Incidence at- fuselzge  center  line. deg . . . . . . . . .  
Geometric twist. deg . . . . . . . . . . . . . . . . . .  L Dihedral.  deg . . . . . . . . . . . . . . . . . . . . . . .  

. . .  6.24 . . . .  4.33 . . .  1.716 . . 2.53 . . .  0.354 
leading edge . a . 0.140 . . 3.00 . . .  38.83 . . . .  29 . . . . .  0 . . . . .  0 . . . . .  0 

Horizontal  or  vertical teils: 
Ares. (including  area submerged i n  fuselage). sa_ i n  . . . . . . .  2.06 
Span. i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.69 
Mean aerodynamic chord. i n  . . . . . . . . . . . . . . . . . .  0.853 
Root chord a t  plene of symmetry. i n  . . . . . . . . . . . . .  1.214 
Tip chord. i n  . . . . . . . . . . . . . . . . . . . . . . . .  0.317 
Airfoil  section . . . . . . . . . . . . . . . . . . . . . .  Variable 
Taper ra t io  . . . . . . . . . . . . . . . . . . . . . . . . .  0.261 
Aspect r z t io  . . . . . . . . . . . . . . . . . . . . . . . . .  3.52 . Sweep of leading edge. deg . . . . . .  . , . . . . . . . . . . .  22.63 

Fuselage : 
Length. i n  . . . . . . . . . . . . . . . . . . . . . . . . . .  7.50 
Meximum diameter. i n  . . . . . . . . . . . . . . . . . . . . .  0 . 7 9  
Fineness r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  9.50 
Bese dizmeter. i n  . . . . . . . . . . . . . . . . . . . . . . .  0.790 
Distance from  nose t o  moment reference . . . . . . . . . . . .  3.950 
Ogive nose length. i n  . . . . . . . . . . . . . . . . . . . . .  2.29 
Ogive raaius.   in . . . . . . . . . . . . . . . . . . . . . . .  6.85 

* 
. 
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TABIE 11.- AERODYXAMIC CHARACEXI~ICS CF TIIE MC[DEIS AT M = 6.86; R = 343,000; 

FIVE-COW- BODY-AXIS DATA - Concluded 

(b) Body-tail configuration; p = 0" 
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I loo -red tail. I 
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TABLE IV. - AERODYNAMIC CHARACZEXISTICS OF T€E MODELS AT M = 6 -86; 

R = 343,000; Oh%-CcMpONENT BALANCE DATA 

(a) Complete model; p = Oo 

iH 9 Cm a) iH3 c, =3 
deg. deg. deg. deg. 

I 300 -red tails 

(b) Body-tail  configuration; p = Oo 

I IO* mdge tails 1 

I 10' Flared tails 

0 
-.0310 10 0 -a0009 0 0 

-0.0659 15 0 -0.0121~ 5 0 0.0105 -5 



b88000 
Figure 1.- Photograph of complete model with LOo wedge t a i l  sections. 

in = -20'. 

I . 
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NACA RM ~ 5 5 ~ 1 7  

Relative wind 

Figure 2.- Systems of reference axes. Arrows indicate   gosi t ive  direct ion.  



Radius = 6.85 

.508 $:2'.*42 

.01 c 
Moment referonce 7 

L c - 4  

Wing airfoil  section 

- " 

0.316 

1 I 



, -  t 

-4- 

Figure 4.- Details of the airfoi l   sect ions and exposed plan forms of 
the various t a i l s  tested. 
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NACA RM L5p17 

X- Tail  confiflratioa 

Stub-tail  cor.-hi-puratior! 

:-orizor?ta-l tiil ar.d top  vert ical  tail F:ofizonta> tail acd bottor, vert ical  tail 

Figure 5.- Tail configurations t e s t e d .  
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~8671.2 
Figure 6.- Installation of model i n  the Langley  11-inch hyyersonic tunnel. 

a = 00; p = 00. 
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I 
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a, des. 

2 .Ir 

2.0 

1.6 

1.2 

.a 

.!4 ; 

n 

- JI 

-3 

4.2 

-2.6 

-2 .O 

(a 100 wedge tails; p = OO . 
Figure 7.- Variation of l i f t  coefficient, drag coefficient, and lift-drag 

r a t i o  with angle of attack f o r  the complete  model  configuration with 
various tail airfoil sections. iE = Oo; M = 6.86; R = 343,000; 
stabilfty-axis hta. 



.e 

.7 

.5 

.5 

.l4 

.3 

%I 

.1 

0 

-.l 

-.2 

-.3 

-A 

"5 

(b) Flat-plate teils; p = oo. 
Figure 7.- Continued. 
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2.h 

2.0 

1.6 

4 3 h 0 12 i6 23 2b 21 32 
L, des. 

(c) LOO flared tails; p = 0'. 

Figure 7.- Continued. 
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.7 

.c 

.5 

-3 

% .2 

CO 
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Figure 7.- Continued. 
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( e )  30° f lared tarls; p = Oo. 

Figure 7.- Concluded. 
- 



.0 

.7 - 

.6 2.4 

.5 2.0 

A 1.6 

c, 
CD L 

.3 1.2 E 

.2 -8 

.I -4 

0 0 

-.I 
-a 4 . 0  & 0 12 16 20 28 

a, dcg. 

- .4 

Figure 8.- Variation of' lift  coefficient, drag coefficient, and lift- 
drag  ratio  with  angle of attack  for the cmplete model using the 
X-tail  configuration with loo wedge tail aArfoi1 sections. M = 6.86; 
R = 343,000; stability-axis  data; $ = Oo. 
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.I 6 

.I2 

.LIZ 

.a 

-.4 

-.a 

-.12 

-215 

-.:a 

-2 ! t  

"25 
-e 4 0 h e 12 15 20 2ll 

L, ecg. 

(z) 10' wedge taT1; p = 0'. 

w 32 

Figure 9.- Variation  of  pitching-monent  coefficient with angle of atteck 
for the  complete nodel and body-tail  configurations  with  various tail 
airfoil sections. M = 6.86; R = 343,000; stability-exis  data. 
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0 

-.16 

- 2 0  

-.29 

(b) Flat-plate tails; p = 0'. 

Figure 9 .-_ Continued.. 
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.I2 - 
- 

.oa - 
- 

.a - 

- 
0 -  

- 

-.a - 
c, - 
-.oo - 
- 

-.12 - 

- 

-.I6 - 

- 

-.2a - 

- 
-A - 

- 
-.22 

-8 
- 

a 0 h 6 12 16 20 24 20 32 

a, de&. 

(c) loo flared tails; p = 0'. 

Figure 9.- Continued. 
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33 

-20  

(a) 20' flared tails; p = Oo. 

Figure 9.- Continued. 
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-.2? 
-8 2: 0 4 0 12 16 20 24 2a 

c, -8. 

(e) 30' flared tails; p = Oo. 

F i g n e  9. - Concluded. 
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-8 0 & 5 12 16 28 32 
a, del. 

(a) LE = 0’; p = oO. 

Figure 10.- Er”r”ect of  t a i l  airfoil section on the  var ie t ion of lif’t 
coefficient with mgle of at tack for the complete nodel con-tigura- 
tion. M = 6.86; R = 3&3,000; stebi l i ty-axis  data. 



(b) iH J -10'; p = oo. 

Figure 10.- Concluded. 

NACA RM L95F17 
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.6 

.5 

.2 

.: 

0 

(a) In = oo; p = oo. 

(b) IE * -10'; j3 = 0'. 

Figure 11.- Effect of t a i l  a i r f o i l  section on the variation of drag 
coefficient  with  angle  of  attack for the complete model configura- 
tion. M = 6.86; R = 343,000; stability-exis  dzta. 



Fi 

( 4  iH = oo; p = oo. 

.gure 12.- EfTect of  t a i l  e i r f o i l  section on the  variation of l if t-drag 
ratio wi th  angle of a t tack f o r  the complete model configumtion. 
M = 6.86; R = 343,000; stability-axis  data. 



. 2.8 

2 .& 

1.2 

-1.2 

-1.6 

39 

(-0) iH = -10 ; p = 0". 0 

Figure 12.- Concluded. 
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.12 

0 

-.I2 

-.io 

-.PP 

-.32 

(a)  Complete  model  configuration; iH = Oo; p = 0'. 

Figure 13.- Effect of tail airfoil  section  on the variation of pitching- 
F m n t  coefficient  with angle of attack f o r  the  complete model and 
body-tail  configurations. M = 6.86; R = 343,000; stability-axis data. 
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.w 

.at 

-.a 

-.a 

-.12 

-.16 

(b) Body-tail  configuretion; i~ = -10'; p = 0'. 

.12 

-.a 

( c ) Complete model configuration; iE -LOo; p = Oo . 
Figure 13 .- Concluded. 
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(a)  Lateral-force  coefficient. 

(b) Yming-moment coefficient. 

Figure 14.- Effect of t a i l   a i r f o i l   s e c t i o n  on the  variations of the 
lateral-force  coefficient,  yawing-moment coefficient, and rol l ing-  
mment coefficlent with sideslip  angle f o r  the complete model config- 
uration. M = 6.86; R = 343,000; body-exis data; a = 0'. 
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.01 

0 

r -01 

. 01 
0 

-.01 

. 01 
10' lredge tan 

0 

- .01 

.01 

0 

-.01 
-6 4 -2 0 2 Ir 6 8 10 

0, eeg. 

(c 1 Rolling-moment coefficient. 

Figure 14. - Cencluded. 

. 
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0 

% 
-.0* 

-.O& 

0 

CI 8-.01 

-. 02 

% ,002 

0 

Figure 15.- Summary of the variztion of t h e   s t a t i c  stzbility derivatives 
and minimum drag coefficient with angle of tail flare f o r  the  complete 
model. a = 0'; M = 6.86; R = 343,000. 



Figure 16.~ Vmia-tion of the lateral-force  coefficient, rolling-moment 
coefficient,  and yawing-mament  coefficient with sideslip  angle for 
the complete model using the s tub- ta i l  configuration with loo wedge 
tail airfoil  sections. M = 6.86; R = 343,000; body-axis date. 
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Figure L7.- Effect  of  tail-surface  location znd geometry on the  variation 
of pitchirg-macent  coefficient  with ar-gle of attack for the  complete 
model configurztian  with 10' wedge  sections. iB = O*; p = Oo; 
M = 6.86; R = 343,000; stability-axls data. 



. 
Figure 18.- Effect of  tai l-surface  location and geometry on the  var ia t ion 

of  lateral-force  coefficient,  rolling-moment coefficient, md yawing- 
moment coefficient with s ides l ip  Engle for   the  camplete model configu- 
ration. M = 6.86; R = 343,000; body-wcis data; a = 0'. 
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0 

, 

3 

-.w2 

FFgure 19.- Variation of the  lateral-stabil i ty  parameters 
- C y n J  C 2 $  

and C, at a = Oo with engle o f  at tack for the  complete modei 

using vE;rious ta i l  arrangements with loo wedge tail a.irfoi1 sections. 
M = 6.66; R = 343,000; body-axis date. 

P 
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c = - .so c = 14.58" 

(a) Cmplete model with  f lat-plate tails. 

c = - .17" a. 3 li.5C' 

c 5 - .22O a = 14.75" 

(c) Cmplete *?ode1 with 20' I"lmed tziis .  

49 

(a) Cm-plete model with 30° flered. taLls. L-893 14 
Figure 20.- m i c e 1  schlieren pho%ographs of c o q l e t e  model with various 

tail airfoil sections. M = 6.86; R = 343,000. 
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c Y -.42= e = 11.78- 

(e) Complete node7 w i t h  10' wedge t a i l s .  

(b) Complete model w i t h  10" wedge tails. 

( c )  X- ta i l  configuration. 

c - -.so c = lk.67' 

(a) Stub-tail configuration. L-89315 
Figure 21.- Typicel  schlieren photographs of complete model wi th  various 

t a i l  arrmgements using I O "  wedge ta i l  sections. M = 6.86; R = 343,000. 

NhCh - Langley Field. Vd. 


